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Robust growth of the gammaproteobacteriumMethylomicrobium buryatense strain 5G onmethane makes it an attractive sys-
tem for CH4-based biocatalysis. Here we present a draft genome sequence of the strain that will provide a valuable framework for
metabolic engineering of the core pathways for the production of valuable chemicals frommethane.
Received 23 January 2013 Accepted 8 May 2013 Published 27 June 2013
Citation Khmelenina VN, Beck DAC, Munk C, Davenport K, Daligault H, Erkkila T, Goodwin L, Gu W, Lo C-C, Scholz M, Teshima H, Xu Y, Chain P, Bringel F, Vuilleumier S, DiSpirito
A, Dunfield P, Jetten MSM, Klotz MG, Knief C, Murrell JC, Op den Camp HJM, Sakai Y, Semrau J, Svenning M, Stein LY, Trotsenko YA, Kalyuzhnaya MG. 2013. Draft genome
sequence ofMethylomicrobium buryatense strain 5G, a haloalkaline-tolerant methanotrophic bacterium. Genome Announc. 1(4):e00053-13. doi:10.1128/genomeA.00053-13.
Copyright © 2013 Khmelenina et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.
Address correspondence to Marina G. Kalyuzhnaya, mkalyuzh@uw.edu.
Microbial utilization of methane is a key step in the carboncycle (1–3). Methanotrophs provide an attractive platform
for production of commodity chemicals and biofuels from natural
gas/renewable biogas (4–6). Over the last 10 years, several novel
methane-utilizing microbes have been isolated in pure culture but
only a few, including Methylomicrobium buryatense strain 5G,
show robust growth on methane (5–7).
The draft genome was generated at the Department of Energy
(DOE) Joint Genome Institute using Illumina sequencing (8). A
short-insert paired-end library (insert size of 270 bp) generated
7.25 Mbp of data (http://www.jgi.doe.gov/). The initial draft data
were assembled with Allpaths version 39750 and computationally
shredded into 10-kbp overlapping fake reads (9). The initial data
were also assembled with Velvet, version 1.1.05 (10), computa-
tionally shredded into 1.5-kbp overlapping fake reads, reassem-
bled with Velvet, and shredded into 1.5-kbp overlapping fake
reads. The fake reads from the Allpaths and two Velvet assemblies,
as well as a subset of the Illumina CLIP paired-end reads, were
assembled using parallel Phrap, version 4.24 (High Performance
Software, LLC). Possible misassemblies were corrected by manual
editing in Consed (11–13). Gap closure was accomplished using
repeat resolution software and sequencing of bridging PCR frag-
ments with Sanger and/or PacBio technologies (C. Han, W. Gu,
unpublished). Fifty-three PCR PacBio consensus sequences were
used to close gaps and to improve the quality of the final sequence.
The total estimated size of the genome is 5.4 Mb with an average
coverage of 1,343.
Comparative genome analysis of strain 5G and two other
Methylomicrobium species, M. album strain BG8 and M. alcaliphi-
lum strain 20Z, revealed that 5G was most similar to M. alcaliphi-
lum, sharing approximately 70% of its proteome at 90% protein
sequence identity.
We identified genes encoding membrane-associated methane
monooxygenase, soluble methane monooxygenase and an associ-
ated chaperon and a transcriptional activator (14), pyrroloquino-
line quinone (PQQ)-dependent methanol dehydrogenase, an as-
sociated c-cytochrome, genes for enzyme assembly and PQQ
biosynthesis, tetrahydromethanopterin- and tetrahydrofolate-
linked C1-transfer pathways, two formate dehydrogenases, and
the ribulose monophosphate pathway. The Embden-Meyerhof-
Parnas pathway, the Entner–Doudoroff pathway, and the pentose
phosphate pathway (transaldolase variant) are predicted. As with
the genomes of other gammaproteobacterial methanotrophs, the
genome of M. buryatense 5G encodes all genes essential for oper-
ation of the citric acid cycle and the serine cycle, except for phos-
phoenolpyruvate carboxylase, isocitrate lyase, and the ethylmalo-
nyl pathway (15,16).
Genes for urea uptake and hydrolysis, assimilatory nitrate/
nitrite reduction, dissimilatory nitric oxide reduction, and
ammonium uptake were identified. A gene homologous to hy-
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droxylamine oxidoreductase is present (17, 18). The ammo-
nium assimilation inventory includes genes for glutamate and
alanine dehydrogenases, glutamate synthase/glutamine syn-
thetase, serine-pyruvate/serine-glyoxylate, and aspartate ami-
notransferases (19). Genes essential for ectoine biosynthesis
were identified.
Nucleotide sequence accession numbers. The Methylomicro-
bium buryatense 5G genome sequence was deposited in GenBank/
EMBL under the accession numbers AOTL01000000 and
KB455575 and KB455576.
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